The search for chemotherapeutic agents effective against the tubercle bacillus has brought into sharp focus the slow rate of growth of the organism. Dubos (1945) , Davis and Dubos (1947) , and Dubos and Middlebrook (1948) (1936), Boissevain (1943) , and Boquet (1944) also stimulated growth with salts of the dibasic organic acids. Gerundo (1947) modified Long's medium by replacing asparagine with sodium succinate and obtained more rapid and abundant growth. The purpose of this investigation was to study the metabolism of the organism in the monooleate-albumin medium with particular reference to the dibasic organic acids in the hope of developing a medium suitable for a rapid antitubercular assay.
The search for chemotherapeutic agents effective against the tubercle bacillus has brought into sharp focus the slow rate of growth of the organism. Dubos (1945) , Davis and Dubos (1947) , and Dubos and Middlebrook (1948) developed a liquid medium containing sorbitan monooleate ("tween 80") and albumin which supported rapid and uniform growth of tubercle bacilli. However, Long, as far back as 1919 to 1921, had reported his well-known medium for the cultivation of the tuberculosis organism. He obtained excellent growth with ammonium salts of oxalic, malonic, malic, and tartaric acids and postulated the existence of a cycle perhaps identical to the Krebs cycle. Henley and Le Duc (1930) , Berthelot et al. (1934) , Wong and Weinzirl (1936) , Boissevain (1943) , and Boquet (1944) also stimulated growth with salts of the dibasic organic acids. Gerundo (1947) In comparing the effect of various substances upon the growth of Mycobacterium avium, the concentrations of the test materials were expressed wherever possible in terms of molarity rather than per cent. The inoculum consisted of 0.1 ml of a one-week-old culture of the organisn in Dubos medium. No attempt was made to study the effect of the age or the size of the inoculum.
Measurements of growth were made with the "lumetron" and Klett-Summerson colorimeters using matched culture tubes. Results were recorded as per cent transmission. Initial readings were made for each variable immediately after inoculation and again at appropriate time intervals. The difference between these readings was taken as the corrected reading due to the increased turbidity of the culture fluid. Since the primary interest was in rapid growth rather than total growth, no readings were made after 7 days' incubation.
Purity of the subcultures was checked routinely by either acid-fast stains or by further subculture in nutrient broth.
EXPERIMENTAL RESULTS
A study was first made to determine the effect of the various components of the Dubos medium. Omission of glucose, "vegex," or albumin caused a reduction in growth. The complete medium supported visible growth at 3 days, fair growth at 5 days, and good growth at 7 days.
A study of the carbon requirements was conducted by substituting various carbon compounds for glucose in the Dubos medium. Due consideration must be given to the presence of sodium citrate and albumin and their possible function as carbon sources. A series of carbohydrates were tested at a final concentration of 0.01 M. Of these, levulose, galactose, and arabinose were somewhat superior to glucose.
A number of the dibasic organic acids of the Krebs cycle and related compounds were similarly tried as sources of carbon. Glycerine was also included. The final concentration again was 0.01 M. A marked stimulation of growth resulted from most of the compounds tested. Succinic acid proved to be the best of these giving clearly visible growth after 3 days' incubation; whereas 5 days were required to achieve similar results with glucose. In the order of effectiveness, the compounds were as follows: succinic acid, pyruvic acid, a-ketoglutaric acid, malic acid, glycerine, aconitic acid, fumaric acid, aspartic acid, citric acid, glyceric acid, and glucose. Results of these experiments are given in table 1.
Succinic acid was chosen as the carbon source for future experiments. The optimum concentration was found to be 0.01 M.
The nitrogen requirements of the organism were investigated by replacing the casein hydrolysate of the original medium with various amino acids and ammonium salts at a final concentration of 0.01 M. Using glucose as a carbon source, L-(+)-glutamic acid was found to be superior to casein hydrolysate. When succinic acid was used as the source of carbon, ammonium succinate, glutamic acid, and the casein hydrolysate supported equivalent growth. With every nitrogen compound tested, faster growth was obtained with succinic acid than with glucose. The results of this experiment are shown in table 2.
Since the above relationships were found to exist, ammonium succinate and glutamic acid were compared at various levels using succinic acid as the carbon source. Ammonium chloride was also included. Glutamic acid, at a 0.02 M concentration gave the best results followed by the casein hydrolysate control "Lumetron" colorimeter.
The following preparations were examined: (1) a mixture of adenine, guanine, and uracil, (2) xanthine, (3) a mixture of vitamins B1, B2, B6, pantothenic acid, nicotinic acid, biotin, folic acid, and p-aminobenzoic acid, (4) vitamin B12. Combinations of the above were also tested. "Vegex" and the unsupplemented medium were used as controls.
In general, better growth was obtained throughout with the ammonium suc-1951] cinate medium except in the case of the "vegex" control which gave slightly better growth with glutamic acid. This confirmed the results of the previous section. "Vegex" itself caused a slight increase over the unsupplemented medium. The purines had little stimulatory effect. The vitamin mix and pure B12 caused a slight stimulation over "vegex." In no case was a remarkable increase in growth attained. The presence of purines and vitamins of the B type does not seem to be critical.
It was also determined that growth in the succinic acid-ammonium succinate modification could be further enhanced by the addition of glycerol and to a lesser extent by levulose and glucose. Since one of the primary purposes of this investigation was the development of a medium capable of providing a rapid antitubercular assay, an evaluation of the effect of streptomycin in the succinate medium seemed indicated. The tube dilution assay method was used whereby varying quantities of the antibiotic were introduced into the culture medium and the inhibitory level determined. After a three-day period of incubation, an end point developed that did not change upon continued incubation. These results are illustrated in figure 1. As in the Dubos medium, a 5 per cent solution of bovine serum albumin in physiological saline, heated at 55 C for 35 minutes and then sterilized by filtration must be added to the above at a concentration of 5 ml per 100 ml of medium.
It is readily apparent that the important modification of the Dubos medium is the inclusion of succinic acid as a carbon source.
SUMMARY
A modification of the Dubos medium was developed that yielded excellent growth of Mycobacterium avium after 3 days' incubation at 37 C. The important factor was the inclusion of succinic acid as a source of carbon.
Using the above medium, a 3-day turbidimetric antituberculosis assay is possible.
